ABSTRACT
nificantly increased soluble protein and decreased senescence, measured by leaf light transmission, at CO2 concentrations below the compensation point in a survival chamber. All compounds except BA significantly decreased transmission values under ambient atmospheric conditions. In statistically significant experiments, applications of 3.49 millimolar CPMP increased net photosynthesis on a leaf area basis by an average of 14.4% at all trifoliolate positions with increases generally requiring response periods of 12 days or longer. RAA at 131 and 2.61 millimolar increased net photosynthesis by 19 to 36% following 13-day response periods. CPMP and other compounds tested had no effect upon the CO2 compensation point after 4 -to 8-day response periods. The effects of CPMP and RAA upon net photosynthesis and soluble protein appeared to involve a combined stimulation of protein synthesis and an antisescent effect. There were no indications that any of the photosynthetic changes observed resulted from direct differential effects upon ribulose bisphosphate carboxylase-oxygenase. The assays for soluble protein and light transmission responded more consistently to the chemicals than did photosynthesis.
Recognition of the limitations upon C3 crop productivity by photorespiration has directed attention to the possibility of plant growth regulants which would selectively inhibit this process. One possible screen for such agents applied to experimental plants is the survival chamber with low CO2 concentrations, originally used to select for photosynthetically superior individuals among populations subjected to such subcompensation point CO2 stress (16, 22) . In the accompanying paper (15) , we reported the use of a large scale survival chamber as a screen in identifying several chemicals which inhibited low CO2 stress senescence. In this paper, we have further examined these com- ' Present address: FMC Corporation, P. 0. Box pounds for any other photosynthetic responses which might help explain the antisenescence effects observed or point to more effective assays for crop yield-enhancing chemicals.
MATERIALS AND METHODS
Experimental Chemicals. Preparation of the compounds CPMP3.4 BHPP, BHB, and HBA is described in the accompanying paper (15) . CHCA, N6-benzyladenine (BA), CPA, 4-oxo-2-thioxo-3-thiazolidineacetic acid (RAA), and TIBA were purchased from Aldrich Chemical Co., Inc Air drawn from the laboratory roof was pumped to (a) the reference cell of an IR gas analyzer (Beckman model 865) at 1500 ml/min, and (b) to the two leaf chambers at 3000 ml/min.
In the leaf chambers, a flow of 1500 ml/min passed through each of the two assimilation chambers (each 180 ml in volume) with the excess air venting through an air-seal compartment around the petiole to prevent back diffusion into the assimilation chambers. All air streams were prehumidified at room temperature, and it was shown that Pn did not vary over a RH range of 20 to 95% for air at 30°C entering the leaf chamber. The air streams passed through Drierite (anhydrous CaSO4) tubes prior to entering the two IR analyzer cells. The air-seal leaf chamber was based upon that of Wolf et al. (23) Co.) leading back to the chamber. A 400-w GE Lucalox lamp provided 300 ME m-2 s-' (400-700 nm) at the 9 1-cm distance to the chamber top. At a room temperature of 25 to 26C, the lamp heat maintained chamber temperatures at a nearly constant 300C without additional control. More precise control (less than ± 0.2C) was obtainable by combined use of a copper cooling coil in an ice-water bath and a chamber heating unit powered by a Bendix proportional temperature controller. The heating unit was a disc-shaped array of 30 resistors (57,750 ohms total) which fitted the inner base of the chamber.
In initiating measurements, the light was turned on and the system allowed to equilibrate for 30 min, with air circulating at approximately 1 A systematic error occurred whenever the drying tube contents were replaced with fresh Drierite: apparent r values immediately following replacement decreased by 4 to 5 ,ul/l. This was apparently due to hydration of the dry CaSO4, by traces of system moisture, to a small amount of CaSO4-1/4¼ H20 which produced a low but measurable equilibrium water vapor pressure (14) . The problem was overcome by running the pump until was almost reached, opening the system to allow some air to enter, and reestablishing r. This drying agent problem prompted establishment of a backup CO2 monitoring system consisting of a singlecomponent, single-stream gas chromatograph (model CM 1200 Vapor Fraction Analyzer, designed and built by Union Carbide Corp) which replaced the IR analyzer. The CO2 was hydrogenated in a methanizer, over a nickel catalyst, to methane which was then analyzed by a flame ionization detector. Identical experimental F values were, however, obtained by the two methods when both were operating in optimum fashion. RESULTS CO2 Compensation Point Measurements. Two groups of chemicals were evaluated for possible effects on seedling r values. CPMP, BHPP, and BA were of interest in protecting against Chl loss during subcompensation point stress in the survival chamber (15) . Another group showed no effects in the survival chamber but were either glycolate oxidase inhibitors (HBA and BHB) or reportedly (24) stimulated growth of the bush bean (CHCA). Possible effects of CPMP on r were examined at both 50% 02 and 21% 02, and in the latter case at both 30 and 35°C. In some experiments, 0.10 mM HBA gave reductions in r of approximately 5 to 10% at 4 to 6 d after application (data not shown), but these results could not be consistently reproduced. None Table IV suggest that RAA may cause the largest photosynthetic increased in senescing T, leaves but (unlike CPMP) with the greatest (12, 18) . In no cases were conclusive changes in r produce by these chemicals as whole plant sprays and CHCA, HBA, and BHB had no effect in the survival chamber (15) . The lack of effects of CPMP, BHPP, and BA upon r and the rapid color production by CPMP suggested that the antisenescence effects observed at low CO2 (15) CPA, as well as CPMP, decreased T and increased SLW and soluble leaf protein under nonstress conditions, and also protected against senescence below r. CPA produced larger SLW increases (15 to 39%) than did CPMP (average of 8%) at less than 1/100 the dose of the latter. It is of interest to note that CPMP has been classified as an antiauxin on the basis of various tissue assays (6) whereas CPA is described (2) as an auxin. RAA is active in both the wheat coleoptile and pea segment tests (8) .
The effects of CPMP and RAA upon both Pn and soluble protein may represent a combination of protein synthesis stimulation and an antisenescent effect. A reported increase in leaf Chl, protein, and Pn due to benzimidazole treatment was similarly interpreted as a combination of antisenescent and stimulated protein synthesis effects (1 1).
The gross process of soluble protein increase may reflect leaf thickening, a retardation of protein hydrolysis at essentially constant SLW, or combinations of both effects. The protein increases on a fresh weight basis following applications ofCPMP and CPA to the older unifoliate, T, and T2 leaves evidently reflect the antisenescent effect rather than leaf thickening. Fraction 1 protein synthesis in soybean leaves stops at about the time of full expansion and the protein begins to decrease in activity and content, in parallel with decreasing photosynthesis, and the leaves senesce (1, 4) . Silvius et al. (19) strable than associated increases in Pn. We speculate that this may be due to (a) more rapid changes in the specific activity of ribulose-1 ,5-bisphosphate carboxylase-oxygenase than changes in total soluble protein content, and (b) sensitivity of stomatal apertures to chemical or other experimental effects. For these reasons, the assay of soluble protein may be a more reliable indicator of effects upon photosynthetic potential than measurement of Pn.
The data of Table I suggest some correlation of increased protein concentration with decreased light transmission. A similar relationship has been described (10) for both grain and leaf protein and leaf color in oats. This association is to be expected because of the largely concurrent processes of protein and Chl synthesis and their subsequent proteolysis in the chloroplast. A precise description of the various anatomical and physiological changes by which chemical treatments may increase the color, Chl content per unit area, and net photosynthesis of leaves has not yet appeared. We hypothesize that many ofthese leaf changes are similar to those occurring during leaf expansion and thickening in response to light. An apparent dual greening process, involving light-promoted chloroplast development and lightinhibited senescence, as proposed by Haber et al. (9) , may be paralleled by effects of different classes of growth regulant chemicals. Growth retardants and cytokinins may contribute to greening by different processes. Bunce et al. (5) found that the light intensity under which soybean leaves develop influences leaf Chl content, the size and density of photosynthetic units, total protein, and specific leaf weight. Increases in leaf thickness were associated with increases in thickness of both the palisade and spongy mesophyll tissue. Treatment of wheat with the retardant cycocel under low light conditions resulted in plants having the characteristics of growth under high intensity light (21) .
Interest in assays for various photosynthetic parameters has as one source the identification of chemicals capable of increasing crop yields. We have no evidence that any of the presently described chemical effects involve any specific, differential actions upon ribulose bisphosphate carboxylase-oxygenase. Reports (3, 7) of the tightly coupled character of the oxygenase and carboxylase functions further suggest that differential control of carboxylase/oxygenase may be an elusive phenomenon. Application of the low CO2 environment of survival chambers to chemically treated or genetically diverse plants successfully identifies C4 survivors but has also selected for increased dark respiration in C3 plants (17) and chemicals with potential for retarding senescence (15) . While it is possible that the survival chamber would detect antiphotorespiration treatments, a question would still remain concerning the effects of these hypothetical compounds, as well as antisenescence chemicals, upon crop yields. Apart from differential effects upon photosynthesis and photorespiration, the assays for soluble protein and light transmission are reasonably reproducible and provide one estimate of the potential magnitude of the photosynthetic apparatus. If chemicals detected by these assays produce similar responses in fieldgrown crops, they may have agricultural utility. CPA, a compound producing soluble protein increases and T decreases, was reportedly (20) associated with slight increases in yield following application to soybeans in weed-free test plots.
